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(567)  Aliquid discharge head includes: a nozzle plate
having multiple nozzles; adiaphragmfacing aninner face
ofthe nozzle plate; multiple individual chambers between
the nozzle plate and the diaphragm, the multiple individ-
ual chambers respectively communicating with the mul-
tiple nozzles; multiple actuators on a first face of the di-
aphragm opposite to a second face of the diaphragm
facing the multiple individual chambers, the multiple ac-
tuators to deform the diaphragm to discharges a liquid in
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the multiple individual chambers from the multiple noz-
zZles, respectively; a holder facing the multiple actuators
and the diaphragm and joined to a peripheral portion of
the diaphragm; a first joint at a first position around a
periphery of the holder and joining the diaphragm and
the holder; and multiple second joints joining the dia-
phragm and the holder at multiple second positions inside
the first position, respectively.
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Description
BACKGROUND
Technical Field

[0001] The present embodiment relates to a liquid dis-
charge head, a liquid discharge head unit, and a liquid
discharge apparatus.

Related Art

[0002] Regarding liquid discharge apparatuses, such
as a liquid discharge apparatus of an inkjet type in Jap-
anese Patent No. 6064688, an actuator (piezoelectric
element) vibrates a diaphragm to generate pressure to
an individual chamber and, thus, liquid droplets are dis-
charged through a minute nozzle of a nozzle plate due
to the pressure. Such liquid discharge apparatuses are
used in various fields. Some liquid discharge apparatus-
es are used to draw a high-quality figure on the body of
a motor vehicle. Some liquid discharge apparatuses are
used to discharge a liquid resist or a deoxyribonucleic
acid (DNA) sample in a liquid manner.

[0003] Japanese Patent No. 6064688 discloses a lig-
uid discharge head including: an actuator substrate in-
cluding a diaphragm, a piezoelectric element, and an in-
dividual chamber that are integrated together on a silicon
substrate; a holder (subframe) that reinforces the actu-
ator substrate from one side; and a nozzle plate facing
the individual chamber opposite the holder, in which the
actuator substrate, the holder, and the nozzle plate are
bonded together. In recent years, liquid discharge heads
improved in the resolution of drawing due to narrowing
in inter-nozzle pitch have been being widespread. Along
with this, narrowing in the inter-piezoelectric-element
pitch on an actuator substrate has been advancing. For
example, microelectromechanical systems (MEMS)
technology to which a semiconductor process is applied
has been applied to such narrowing as above.

[0004] Conventionally, in order to prevent occurrence
of crosstalk (mutual interference) between piezoelectric
elements narrowed in pitch, an actuator substrate and a
holder are bonded together with adhesive (solid film) over
almost whole areas of the actuator substrate and the
holder except housing areas each housing a piezoelec-
tric element. Although a MEMS process is performed in
a clean room, in some cases, minute foreign substances
less than 10 wm in size enter and stay in a bond face
(solid film) through which an actuator substrate and a
holder are bonded together. Then, the actuator substrate
cracks or a poor substrate characteristic occurs, leading
to a deterioration in substrate yield rate.

[0005] A large area of solid film tends to cause the ad-
hesive to run off toward the piezoelectric elements. Run-
ning off of the adhesive exerts influence on liquid dis-
charging performance. Variations in the condition of coat-
ing of adhesive tend to cause difference in the usage of
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adhesive to the entire actuator substrate. Thus, due to
variations in the residual stress of the solid film, the liquid
discharging characteristic varies easily for each sub-
strate.

[0006] An object of the present embodiment is to pre-
vent a deterioration in field rate due to entry of foreign
substances to the bond face of a holder with prevention
of crosstalk.

SUMMARY

[0007] Aliquid discharge head includes: a nozzle plate
having multiple nozzles; a diaphragm facing aninnerface
of the nozzle plate; multiple individual chambers between
the nozzle plate and the diaphragm, the multiple individ-
ual chambers respectively communicating with the mul-
tiple nozzles; multiple actuators on a first face of the di-
aphragm opposite to a second face of the diaphragm
facing the multiple individual chambers, the multiple ac-
tuators to deform the diaphragm to discharges a liquid in
the multiple individual chambers from the multiple noz-
zZles, respectively; a holder facing the multiple actuators
and the diaphragm and joined to a peripheral portion of
the diaphragm; a first joint at a first position around a
periphery of the holder and joining the diaphragm and
the holder; multiple second joints joining the diaphragm
and the holder at multiple second positions inside the
first position, respectively; multiple housing areas each
disposed between two of the multiple second joints, the
multiple housing areas respectively housing the multiple
actuators; and a non-joint area in which the diaphragm
and the holder are not joined in a region except the first
joint, the multiple second joints, and the multiple housing
areas in the first joint.

[0008] In another embodiment of the present disclo-
sure, the liquid discharge head unit includes multiple lig-
uid discharge heads including the liquid discharge head.
[0009] In still another embodiment of the present dis-
closure, a liquid discharge apparatus includes the liquid
discharge head unit.

[0010] According to the present embodiment, a dete-
rioration in field rate due to entry of foreign substances
to the bond face of a holder can be prevented with pre-
vention of crosstalk.

[0011] According to the present embodiment, a dete-
rioration in field rate due to entry of foreign substances
to the bond face of a holder can be prevented with pre-
vention of crosstalk.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0012] A more complete appreciation of embodiments
of the present disclosure and many of the attendant ad-
vantages and features thereof can be readily obtained
and understood from the following detailed description
with reference to the accompanying drawings, wherein:

FIG. 1A is a schematic view of a liquid discharge
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apparatus according to an embodiment of the
present embodiment;

FIG. 1B is a plan view of a head unit in the liquid
discharge apparatus;

FIG. 2Ais an exploded perspective view of the head
unit according to the embodiment of the present em-
bodiment;

FIG. 2B is an exploded perspective view of the head
unit from the side of location of a nozzle face;

FIG. 3is across-sectional view of the head unit along
the lateral direction of the head unit;

FIG. 4A illustrates the joint face that a holder has on
the side of location of an actuator substrate in a liquid
discharge head in a first embodiment;

FIG. 4Billustrates the jointface thatthe actuator sub-
strate has on the side of location of the holder in the
liquid discharge head in the first embodiment;

FIG. 4C is a plan view of the actuator substrate;
FIG. 4D is a cross-sectional view of the actuator sub-
strate taken along line A-A’;

FIG. 4E is a cross-sectional view of the actuator sub-
strate taken along line B-B’;

FIG. 4F is a cross-sectional view of the actuator sub-
strate taken along line C-C’;

FIG. 4G is a cross-sectional view of the actuator sub-
strate taken along line D-D’;

FIG. 5A illustrates the joint face that a holder has on
the side of location of an actuator substrate in a com-
parative example;

FIG. 5B is a cross-sectional view of the actuator sub-
strate and the holder taken along line A"-A";

FIG. 5C is a cross-sectional view of the actuator sub-
strate and the holder taken along line B"-B";

FIG. 5D is a cross-sectional view of the actuator sub-
strate and the holder taken along line C"-C";

FIG. 5E is a cross-sectional view of the actuator sub-
strate and the holder taken along line D"-D";

FIG. 6A illustrates the joint face that a holder has on
the side of location of an actuator substrate in a liquid
discharge head in a second embodiment of the
present embodiment;

FIG. 6B is a cross-sectional view taken along line E-
E’

FIG. 7A illustrates the joint face that a holder has on
the side of location of an actuator substrate in a liquid
discharge head in a third embodiment of the present
embodiment;

FIG. 7B is a cross-sectional view taken along line F-
F;

FIG. 8Aisaplanview of the joint face that an actuator
substrate has on the side of location of a holder in a
fourth embodiment of the present embodiment;
FIG. 8Bisanenlarged plan view of the island-shaped
joint pattern of a fourth joint;

FIG. 8C is a cross-sectional view taken along line G-
G}

FIG. 8D is aplan view of island-shaped joint patterns;
FIG. 9Ais aplan view of an actuator substrate having
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first to fourth joints according to Modification 1;
FIG. 9B is a plan view of a third joint according to
Modification 2;

FIG. 10A is a plan view according to Modification 3
of the first embodiment of the present embodiment;
FIG. 10B is a plan view according to Modification 4
of the third embodiment of the present embodiment;
FIG. 11 is a plan view according to Modification 5 of
the second embodiment; and

FIG. 12 is a cross-sectional view of a joint between
a holder and an actuator substrate according to Mod-
ification 6.

[0013] The accompanying drawings are intended to
depictembodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted. Also, identical or similar ref-
erence numerals designate identical or similar compo-
nents throughout the several views.

DETAILED DESCRIPTION

[0014] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.

[0015] Referring now to the drawings, embodiments of
the present disclosure are described below. As used
herein, the singularforms "a," "an," and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.

[0016] Embodiments will be described below with ref-
erence to the drawings. For clarification of description,
the following description and the drawings are appropri-
ately omitted or simplified. Constituent elements and cor-
responding parts identical in configuration or function be-
tween each drawing are denoted with the same reference
signs, and duplicate descriptions thereof will be omitted.

[Printer]

[0017] Next, an exemplary liquid discharge apparatus
according to the present embodiment will be described
with reference to FIGS. 1Aand 1B. FIG. 1Ais aschematic
view of a printer 500 including the liquid discharge appa-
ratus. FIG. 1B is a plan view of a head unit 100 used in
the printer 500.

[0018] The printer 500 includes aloader 501 thatloads
acontinuous sheet 510, a guide conveyer 503 that guide-
conveys the continuous sheet510 loaded from the loader
501 to a printing unit 505, the printing unit 505 that per-
forms printing such that an image is formed by discharge
of liquid droplets to the continuous sheet 510, a dryer
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507 that dries the continuous sheet 510, and an unloader
509 that unloads the continuous sheet 510.

[0019] The continuous sheet 510 fed from a sheet-
wound roller 511 of the loader 501 is guide-conveyed by
rollers in the loader 501, the guide conveyer 503, the
dryer 507, and the unloader 509, and then is wound by
a wind-up roller 591 of the unloader 509. In the printing
unit 505, the continuous sheet 510 is conveyed on a con-
veyance guide 559 while facing a head unit 550, and an
image is printed on the continuous sheet 510 with liquid
discharged from the head unit 550.

[0020] As illustrated in FIG. 1B, the head unit 550 in-
cludes a common base 552 and two head units 100A
and 100B according to the present embodiment on the
common base 552. Then, the array direction of heads
101 orthogonal to the conveyance direction of the head
unit 100 is defined as a head array direction. Liquid drop-
lets identical in color are discharged with the head arrays
1A1 and 1A2 of the head unit 100A. Similarly, the head
arrays 1B1 and 1B2 of the head unit 100A are setin order
to discharge liquid droplets in a desired color. The head
arrays 1C1 and 1C2 of the head unit 100B are setin order
to discharge liquid droplets in a desired color. The head
arrays 1D1 and 1D2 of the head unit 100B are setin order
to discharge liquid droplets in a desired color.

[0021] Note that a head unit according to the present
embodiment can be integrated with a functional compo-
nent or mechanism in order to serve as a liquid discharge
unit. For example, a head unit and at least one of a head
tank, a carriage, a supply mechanism, a maintenance
mechanism, a main scanning movement mechanism, or
a liquid circulator can be combined in configuration.
[0022] Examplesofsuch integrationinclude mutual fix-
ation of a head unit and a functional component or mech-
anism by fastening, bonding, or engaging, and retention
of a head unit and a functional component or mechanism,
in which one is movable with respect to the other. A head
unit and a functional component or mechanism may be
mutually detachable.

[0023] The "liquid discharge apparatus" in the present
embodiment is, for example, an apparatus that includes
a head unit or liquid discharge unit and drives a liquid
discharge head to discharge liquid droplets. Examples
of the "liquid discharge apparatus" include an apparatus
that discharges liquid droplets to a material to which liquid
can adhere and an apparatus that discharges liquid to
gas or liquid.

[0024] The "liquid discharge apparatus" can include a
feeder, a conveyer, an ejector, a pretreatment device,
and a post-treatment device for a material to which liquid
can adhere. Examples ofthe "liquid discharge apparatus”
include an image forming apparatus that discharges ink
to a sheet to form an image on the sheet and a three-
dimensional fabrication apparatus that discharges fabri-
cation liquid to a powder layer in which powder material
is layered, in order to fabricate a three-dimensional fab-
rication object.

[0025] The "liquid discharge apparatus” is not limited
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to an apparatus that discharges liquid to visualize a
meaningful image, such as a character or a figure. Ex-
amples of the "liquid discharge apparatus" include an
apparatus that forms a meaningless pattern and an ap-
paratus that fabricates a meaningless three-dimensional
image.

[0026] The "material to which liquid can adhere" cor-
responds to a material to which liquid can adhere at least
temporarily, such as a material to which liquid fastens
after adhering to or a material into which liquid permeates
after adhering to. Specific examples of the "material to
which liquid can adhere" include recording media, such
as a sheet, recording paper, a recording sheet, a film,
and cloth, electronic components, such as an electronic
substrate and a piezoelectric element, and media, such
as a powder layer, an organ model, and a testing cell.
Unless otherwise particularly limited, any materials to
which liquid adheres are included.

[0027] The "material to which liquid can adhere" may
be any material to which liquid can adhere even tempo-
rarily, such as paper, thread, fiber, fabric, leather, metal,
plastic, glass, wood, or ceramic. The "liquid discharge
apparatus" may be, but is not limited to, an apparatus
that moves a liquid discharge head and a material to
which liquid can adhere, relatively. Specific examples of
the "liquid discharge apparatus" include a serial head
apparatus that moves a liquid discharge head and a line
head apparatus that does not move a liquid discharge
head.

[0028] Examples of the "liquid discharge apparatus"
include a treatment-liquid coating apparatus that dis-
charges, for the purpose of reforming the surface of a
sheet, treatment liquid to a sheet to coat the treatment
liquid on the surface of the sheet, and a jet granulation
apparatus that jets a composition liquid including row ma-
terial dispersed in a solution, through a nozzle to granu-
late fine particles of the row material. Liquid to be dis-
charged may have any viscosity or surface tension, pro-
vided that the liquid can be discharged from a head. Such
liquid to be discharged is preferably, butis not particularly
limited to, not more than 30 mPa s in viscosity at normal
temperature and normal pressure or due to heating or
cooling.

[0029] More specific examples of liquid to be dis-
charged include a solution, a suspension, and an emul-
sion that contain a solvent, such as water or an organic
solvent, a colorant, such as dye or pigment, a functional
material, such as a polymerizable compound, resin, or a
surfactant, a biocompatible material, such as deoxyribo-
nucleic acid (DNA), an amino acid, protein, or calcium,
or an edible material, such as a natural pigment. Such a
solution, a suspension, and an emulsion can be used,
for example, for inkjet inks, surface treatment liquids, lig-
uids for formation of constituent elements in an electronic
element or light-emitting element or for formation of a
resist pattern for an electronic circuit, or material liquids
for three-dimensional fabrication.

[0030] Examples of a source that generates energy to



7 EP 4 338 964 A1 8

discharge liquid droplets include a piezoelectric actuator
(laminated piezoelectric element or thin-film piezoelectric
element), a thermal actuator including an electrothermal
conversion element, such as a heating resistive element,
and an electrostatic actuator including a diaphragm and
opposed electrodes. Note that the terms "image forming",
"recording", "printing", "image printing", "print", and "fab-
ricating" used herein are synonymous with each other.

[Head Unit]

[0031] Next, a head unit according to an embodiment
of the present embodiment will be described with refer-
encetoFIGS. 2A to 3. FIG. 2Ais an exploded perspective
view of the head unit from the side of location of a holder.
FIG. 2B is an exploded perspective view of the head unit
from the side of location of a nozzle plate. FIG. 3 is a
cross-sectional view of the head unit along the lateral
direction of the head unit.

[0032] Ahead unit100includes a plurality of heads 101
each serving as a liquid discharge head that discharges
liquid droplets, a base 102, a cover 103, a heat dissipater
104, a manifold 105, a printed circuit board (PCB) 106,
and a module case 107.

[0033] The plurality of heads 101 each includes a noz-
zle plate 10 having a nozzle hole 11, anindividual channel
plate 20 forming an individual chamber 21 in communi-
cation with the nozzle hole 11, a diaphragm 30 including
apiezoelectric element40, anintermediate channel plate
50 as a holder for the diaphragm 30 disposed on the
diaphragm 30, and a common channel member 70 dis-
posed on the intermediate channel plate 50.

[0034] The individual channel plate 20 forms, in addi-
tion to the individual chamber 21, a supply-side individual
channel 22 in communication with the individual chamber
21 and a collection-side individual channel 24 in commu-
nication with the individual chamber 21. The intermediate
channel plate 50 forms a supply-side intermediate indi-
vidual channel 51 in communication with the supply-side
individual channel 22 through an opening 31 of the dia-
phragm 30 and a collection-side intermediate individual
channel 52 in communication with the collection-side in-
dividual channel 24 through an opening 32 of the dia-
phragm 30.

[0035] The common channel member 70 forms a sup-
ply-side common channel 71 in communication with the
supply-side intermediate individual channel 51 and a col-
lection-side common channel 72 in communication with
the collection-side intermediate individual channel 52.
The supply-side common channel 71 is in communication
with a supply port 81 through a channel 151 of the man-
ifold 105. The collection-side common channel 72 is in
communication with a collection port 82 through a chan-
nel 152 of the manifold 105.

[0036] The printed circuit board 106 and the piezoe-
lectric element 40 of each head 101 are connected with
aflexible wiring member 90 disposed between the printed
circuit board 106 and the piezoelectric element 40. The
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flexible wiring member 90 has a driver integrated circuit
(driver IC) 91 implemented.

[0037] In the present embodiment, the plurality of
heads 101 spaced apart is attached to the base 102. For
attachment of a head 101 to the base 102, the head 101
is inserted into an opening 121 with which the base 102
is provided, and the peripheral portion of the nozzle plate
10 of the head 101 is joined and secured to the cover
103 joined and secured to the base 102.

[0038] A flange 70a provided outside the common
channel member 70 ofthe head 101 is joined and secured
to the base 102. Note that securing a head 101 to the
base 102 is not limited in structure, and thus a head 101
can be secured to the base 102 by bonding, caulking, or
screwing.

[0039] Preferably, the base 102 is made of a material
low in the coefficient of linear expansion. Examples of
the material include 42 alloy of iron to which nickel is
added and invar material.

[0040] In the present embodiment, invar material is
used. Thus, even when a rise is made in the temperature
of the base 102 due to heat generation of each head 101,
since the base 102 is small in the amount of expansion,
nozzle deviation from a predetermined nozzle position
hardly occurs, resulting in reduction of deviation from a
landing position.

[0041] The nozzleplate 10, theindividual channel plate
20, and the diaphragm 30 are each made of a silicon
single crystal substrate substantially identical in the co-
efficient of linear expansion to the base 102. Thus, devi-
ation in nozzle position due to thermal expansion can be
reduced.

[First Embodiment]

[0042] Next, a structure of joining between the dia-
phragm 30 and the intermediate channel plate 50 de-
scribed above will be described. In the following descrip-
tion and the reference drawings, the intermediate chan-
nel plate 50 described above is given as a holder 12 for
the diaphragm 30.

[0043] FIG.4A s a plan view of the holder 12 from the
side of location of the diaphragm 30. FIG. 4B is a plan
view of the diaphragm 30 from the side of location of the
holder 12.

[0044] Such piezoelectric elements 40 as described
above are disposed on the diaphragm 30. The piezoe-
lectric elements 40 are each connected outward through
afunctional wiring member 4. The diaphragm 30 on which
the piezoelectric elements 40 are disposed is also called
an actuator substrate. Asiillustrated in FIG. 4D, a plurality
of individual chambers 21 on the lower side of the dia-
phragm 30 is mutually independently partitioned by par-
tition walls 26.

[First Joint and Second Joint]

[0045] The holder 12 is oblong and rectangular in
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shape and is provided with a first joint 7 having a prede-
termined width along the four sides of the holder 12. The
first joint 7 shaped like a rectangular frame is joined to
the four sides of the diaphragm 30 with adhesive.
[0046] Asthe adhesive, forexample, resin material can
be used. Particularly, forexample, an epoxy heat-curable
adhesive can be used. The Yong’s modulus of the ad-
hesive is preferably equal to or more than 2 GPa. The
thickness of coating of the adhesive is, for example 1.0
to 3.0 pm.

[0047] A plurality of second joints 2 is formed in two
lines in the longitudinal direction of the holder 12. Each
second joint 2 is a single linear j oint. Each second joint
2 is oblique at a predetermined angle with respect to the
lateral direction of the holder 12. Thus, narrowing in pitch
can be carried out due to effective use of the space on
the diaphragm 30.

[0048] Between each second joint2, formed is a hous-
ing area 14 that houses a piezoelectric element 40 on
the diaphragm 30. Each second joint 2 has a length such
that the housing area 14 is located between two parallel
lines of which one line connects one end of one of adja-
cent second joints 2 and one end of the other and the
other line connects the other end of the one and the other
end of the other.

[0049] Such a housing area 14 herein does not nec-
essarily need any member that demarcates the periphery
of the housing area 14. Each housing area 14 houses at
least a piezoelectric element 40.

[0050] Preferably, each second joint 2 has a width of
20to 50 wm and a height of 15 to 50 um. Preferably, the
holder 12 has a thickness of 300 to 500 pm.

[0051] As illustrated in FIGS. 4C, 4D, and 12, each
second joint 2 is joined to the diaphragm 30 with a non-
functional wiring member 3 and adhesive AD interposed
between second joint 2 and the diaphragm 30. Each sec-
ond joint 2 reduces crosstalk between piezoelectric ele-
ments 40.

[0052] Each non-functional wiring member 3 includes
a pair of non-functional wiring members. The pair of non-
functional wiring members of each non-functional wiring
member 3 is disposed at a width W1 substantially iden-
tical to the width of the corresponding second joint 2 such
that a gap is present between the pair of non-functional
wiring members. The function of the gap will be described
later with FIG. 12.

[0053] As the adhesive AD, for example, an epoxy
heat-curable adhesive can be used. The Yong’s modulus
of the adhesive AD is preferably equal to or more than 2
GPa. The thickness of coating of the adhesive AD is, for
example, 1.0 to 3.0 pm.

[0054] Sets of two supply channels 8 respectively cor-
responding to the housing areas 14 are formed between
the two lines of the second joints 2. The sets of two supply
channels 8 are each connected to a set of two supply
channels 9 in the diaphragm 30 as in FIG. 4B. Then, the
sets of two supply channels 9 of the diaphragm 30 are
each connected to the corresponding individual chamber
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21. Meanwhile, the upstream side of the sets of two sup-
ply channels 8 is connected to a main channel (common
channel) leading to a plurality of supply channels respec-
tively connected to a plurality of pressure chambers.

[Third Joint]

[0055] AsinFIG. 4B, a third joint 5 integrated with the
holder 12 is formed around each set of two supply chan-
nels 8 of the holder 12. Preferably, the third joint 5 has a
height of 15 to 50 pm.

[0056] The third joint 5 is rectangular in shape and en-
velops the two supply channels 8. The third joint 5 is
joined around the corresponding two supply channels 9
of the diaphragm 30 with adhesive AD. As the adhesive
AD, for example, an epoxy heat-curable adhesive can
be used. The Yong’'s modulus of the adhesive AD is pref-
erably equal to or more than 2 GPa. The thickness of
coating of the adhesive AD is, for example 1.0 to 3.0 um.
[0057] As in FIG. 5A to be described later, the region
including the periphery of each supply channel 8 inside
the first joint 7 and the diaphragm 30 are joined wholly
with a solid film 12a. In the present embodiment, restric-
tive formation of second joints 2, third joints 5, and fourth
joints 6 enables an improvement in the yield rate of a
liquid discharge head with a large reductionin the amount
of a solid film.

[Fourth Joint]

[0058] A fourth joint 6 is formed between the first joint
7 shaped like a rectangular frame and each second joint
2 linear in shape inside the first joint 7. Preferably, each
fourth joint 6 has a height of 15 to 50 um.

[0059] Each fourth joint 6 is shaped like a triangular
island and is joined, with adhesive, to an island-shaped
joint pattern 13 on the side of location of the diaphragm
30 asin FIG. 4D. As the adhesive, for example, an epoxy
heat-curable adhesive can be used. The Yong’s modulus
ofthe adhesive is preferably equal to or more than 2 GPa.
The thickness of coating of the adhesive is, for example
1.0to 3.0 pm.

[0060] The fourth joints 6 enable an enhancement in
joining force at the peripheral portion between the holder
12 and the diaphragm 30. In addition, the fourth joints 6
enable reduction of crosstalk propagation that detours
outward around the first joint 7. Locally inward protru-
sions of the firstjoint 7 enable omission of the fourth joints
6.

[Comparison with Comparative Example]

[0061] In the present embodiment, as described
above, the region inside the first joint 7 shaped like a
frame of the holder 12, except at least the second joints
2, the third joints 5, and the fourth joints 6, corresponds
to a non-contact area (NA) in which the whole area and
the diaphragm 30 are not joined together. The housing
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areas 14 each for a piezoelectric element40 are included
in the non-contact area NA.

[0062] Inacomparative example, asillustrated in FIG.
5A, the region inside the first joint 7 shaped like a frame,
except the housing areas 14 each for a piezoelectric el-
ement 40, is entirely joined to the diaphragm 30 with the
solid film 12a of adhesive AD interposed between the
region inside the first joint 7 and the diaphragm 30, as in
FIGS. 5B to 5E. Between each piezoelectric element 40
(W1 in FIG. 4D < W2), the solid film 12a having a width
W2 is joined to the diaphragm 30 with a non-functional
wiring member 3 interposed between the solid film 12a
and the diaphragm 30. Thus, as described above, foreign
substances are likely to enter the solid film 12a, leading
to a deterioration in the field rate of the liquid discharge
head as a disadvantage.

[0063] In contrast to this, in the present embodiment,
basically, the region inside the first joint 7 shaped like a
frame, except the second joints 2 for reducing crosstalk
between each piezoelectric element 40, corresponds to
the non-contact area (NA) in which the holder 12 and the
diaphragm 30 are not joined together. Thus, the bond
face of the adhesive AD is considerably smaller than ever
before, leading to considerably reducing a deterioration
in the field rate of the liquid discharge head due to entry
of foreign substances to the bond face.

[Second Embodiment]

[0064] FIGS. 6A and 6B illustrate a second embodi-
ment of the present embodiment. In the second embod-
iment, each second joint 2 includes two parallel linear
joints. Although each second joint 2 is slightly larger in
bond area than each second joint 2 in the first embodi-
ment, the two parallel linear joints of each second joint 2
can be disposed between each piezoelectric element 40,
leading to an enhancement in the effect of reducing
crosstalk between each piezoelectric element 40.

[Third Embodiment]

[0065] FIGS. 7A and 7B illustrate a third embodiment
of the present embodiment. In the third embodiment,
each second joint 2b is a surrounding joint. That is, each
second joint 2b is shaped like a rectangular frame such
that the second joint 2b envelops a housing area 14 for
a piezoelectric element 40.

[0066] As above, the housing areas 14 for respective
piezoelectric elements 40 are surrounded by the second
joints 2b each shaped like a rectangular frame. Thus, it
is possible to enhance the effect of reducing crosstalk
between each piezoelectric element 40 although each
second joint 2b is slightly larger in bond area than each
second joint 2 in the first embodiment.

[Fourth Embodiment]

[0067] FIGS. 8A to 8D illustrate a modification of the
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island-shaped joint pattern 13 described above with FIG.
4D. As described above, joining of each fourth joint 6 and
the corresponding island-shaped joint pattern 13 enables
an enhancement in joining force at the peripheral portion
between the holder 12 and the diaphragm 30. However,
foreign substances are likely to enter the solid film of any
island-shaped joint pattern 13.

[0068] Thus, in order to reduce the area of a solid film,
as in FIGS. 8B and 8C, an island-shaped joint pattern 13
having a recess 13a is formed. The area of the solid film
of the island-shaped joint pattern 13 can be reduced by
the area of the recess 13a, so that a reduction can be
made in the possibility of entry of foreign substances to
the solid film.

[0069] In addition, a reduction can be made in the
amount of adhesive for the solid film. Furthermore, an-
chor effect due to entry of adhesive to the recess 13a
achieves an effect for an enhancement in the strength of
joining.

[0070] FIG. 8D illustrates an exemplary configuration
in which island-shaped joint patterns 13 are each provid-
ed as a non-functional wiring member having no external
electrical connection. The island-shaped joint patterns
13 each provided as a non-functional wiring member en-
able reduction in occurrence of electrical trouble. The
island-shaped joint patterns 13 can be each provided as
a functional wiring member having external electrical
connection. A plurality of island-shaped joint patterns 13
each provided as a functional wiring member and a plu-
rality of island-shaped joint patterns 13 each provided as
a non-functional wiring member may be alternately ar-
rayed.

[Modification 1]

[0071] FIG.9Aillustrates Modification 1 of the third joint
5, which envelops supply channels 8, described above
with FIGS. 4A and 4B. The third joint 5 described with
FIGS. 4A and 4B is rectangular in shape. In contrast,
referring to FIG. 9A, a third joint 5 is shaped like a figure
eight of a solid line.

[0072] Such formation of the third joint 5 as above en-
ables a reduction in the possibility of entry of foreign sub-
stances to a solid film with a reduction in the bond area
around supply channels 8 and a reduction in the usage
of adhesive.

[Modification 2]

[0073] FIG.9Billustrates Modification 2 of the third joint
5. Two third joints 5 are independently formed, respec-
tively, along the circumferences of two supply channels
8. In this case, each third joint 5 is annular in shape,
concentrically with the corresponding supply channel 8.
Thus, a further reduction can be made in the possibility
of entry of foreign substances to a solid film with a further
reduction in the bond area around supply channels 8 and
a further reduction in the usage of adhesive.
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[Modification 3]

[0074] FIG. 10Aillustrates Modification 3 of the second
joint 2 described above with FIG. 4A. The second joints
2in FIG. 4A are each independently formed as a single
linear joint.

[0075] In contrastto this, referring to FIG. 10A, second
joints 2 are mutually jointed through a coupler 2a linear
in shape. Since one side of housing areas 14 for respec-
tive piezoelectric elements 40 is closed by the coupler
2a, crosstalk propagation that detours outward around a
second joint 2 to the adjacent piezoelectric element 40
can be reduced.

[Modification 4]

[0076] FIG. 10B illustrates Modification 4 of the second
joint 2b described above with FIG. 7A. The second joints
2bin FIG. 7A are each independently shaped like a rec-
tangular frame.

[0077] In contrastto this, referring to FIG. 10B, second
joints 2b are mutually joined through a coupler 2a linear
in shape. Crosstalk propagation to an adjacent piezoe-
lectric element 40 can be reduced by the coupler 2a.

[Modification 5]

[0078] FIG. 11 illustrates Modification 5 of the second
joint 2 described above with FIGS. 6A and 6B. The two
parallel linear joints of each second joint 2 in FIGS. 6A
and 6B enhance the effect of reducing crosstalk. In con-
trast to this, referring to FIG. 11, each second joint 2
includes two parallel linear joints each shorter in length
than each of the two parallel linear joints of each second
joint 2 in FIG. 6A.

[0079] Then, one end portion of one of the two parallel
linear joints of each second joint 2 and one end portion
of the other overlap near the center in the longitudinal
direction of the corresponding housing area 14 for a pi-
ezoelectric element 40. Crosstalk propagation is most
likely to occur near the center in the longitudinal direction
of each housing area 14. Overlapping one end portion
of one of the two parallel linear joints of each second joint
2 and one end portion of the other near the center in the
longitudinal direction of the corresponding housing area
14 enables an enhancement in the effect of reducing
crosstalk and a reduction in the possibility of entry of for-
eign substances to a solid film with a reduction in the
bond area of each second joint 2 and a reduction in the
usage of adhesive.

[Modification 6]

[0080] FIG. 12illustrates Modification 6 of the structure
in which the holder 12 and the diaphragm 30 are joined
through the second joints 2 and the non-functional wiring
members 3 described above. A non-functional wiring
member 3 does not function electrically and results from
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patterning in a microelectromechanical systems (MEMS)
process. The non-functional wiring member 3 can be
made a functional wiring member due to connection to
an external electrode. However, for prevention of occur-
rence of electrical trouble, the non-functional wiring mem-
ber 3 is preferable to the functional wiring member.
[0081] The non-functional wiring member 3 disposed
to a single second joint 2 includes two parallel joints. That
is, each of the two parallel joints of the non-functional
wiring member 3 is narrower in width than the single sec-
ond joint 2. Thus, an area for entry of adhesive AD can
be formed between the two parallel joints of the non-
functional wiring member 3.

[0082] Anchor effect due to entry of adhesive AD to
the area enables an improvement in the joining force of
the second joint 2 to the diaphragm 30. In this case, the
Yong’s modulus of the adhesive AD is preferably equal
to or more than 2 GPa.

[0083] The present embodiment made by the present
inventors has been specifically described above based
on the embodiments. However, the present embodiment
is not limited to the embodiments and thus various mod-
ifications can be made without departing from the gist of
the present embodiment. Although the use of an epoxy
heat-curable adhesive as an example of adhesive has
been exemplified, any other type of adhesive can be used
as adhesive. Instead of adhesive, for example, a thermal
welding film can be used.

[Supplementary Notes]

[0084] Supplementary notes of preferred aspects of
the present embodiment will be given below.

[First Aspect]

[0085] According to a first aspect, a liquid discharge
head includes: a nozzle plate having a plurality of nozzle
holes; a diaphragm disposed facing an inner face of the
nozzle plate; a plurality of individual chambers located
between the nozzle plate and the diaphragm, the plurality
of individual chambers being connected one-to-one to
the plurality of nozzle holes; a plurality of actuators dis-
posed on aside of the diaphragm, the side being opposite
to a side of location of the plurality of individual chambers
of the diaphragm, the plurality of actuators corresponding
one-to-one to the plurality of individual chambers; a first
joint; a holder disposed facing the plurality of actuators
and the diaphragm, the holder being joined to a peripheral
portion of the diaphragm with the first joint interposed
between the holder and the peripheral portion; and a plu-
rality of housing areas located between the holder and
the diaphragm, the plurality of housing areas housing
one-to-one the plurality of actuators, the liquid discharge
head being configured to drive each of the plurality of
actuators to vibrate the diaphragm and, thus, a droplet
is discharged from the corresponding nozzle hole due to
pressure generated in the corresponding individual
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chamber,

the liquid discharge head further including: a non-contact
area in which the diaphragm and the holder are not joined
together in a region excluding the plurality of housing
areas inside the first j oint; and a second joint joining the
diaphragm and the holder together, the second joint be-
ing provided between each of the plurality of housing
areas.

[Second Aspect]

[0086] According to a second aspect, in the liquid dis-
charge head according to the first aspect, the second
joint includes: a holder-side joint located on a side of lo-
cation of the holder; and a diaphragm-side joint pattern
located on the diaphragm, the diaphragm-side joint pat-
tern being joined to the holder-side joint with adhesive.

[Third Aspect]

[0087] According to a third aspect, in the liquid dis-
charge head according to the second aspect, the second
joint is one in number and linear in shape and extends
across an array direction of the plurality of nozzle holes.

[Fourth Aspect]

[0088] According to a fourth aspect, in the liquid dis-
charge head according to the second aspect, the second
joint is two in number and linear in shape and extends
across an array direction of the plurality of nozzle holes.

[Fifth Aspect]

[0089] According to a fifth aspect, in the liquid dis-
charge head according to the third or fourth aspect, the
second joint linear in shape has a width of 20 to 50 um.

[Sixth Aspect]

[0090] According to a sixth aspect, in the liquid dis-
charge head according to the third or fourth aspect, in
the second j oint, the holder-side joint located on the side
of location of the holder is one or two in number and linear
in shape and the diaphragm-side joint pattern that is lo-
cated on the diaphragm and is joined to the holder-side
joint through the adhesive is two in number and linear in
shape.

[Seventh Aspect]

[0091] According to a seventh aspect, in the liquid dis-
charge head according to any one of the first to sixth
aspects, the second joint envelops the corresponding
housing area.
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[Eighth Aspect]

[0092] According to an eighth aspect, the liquid dis-
charge head according to any one of the first to seventh
aspects further includes: a supply channel for supplying
liquid to each of the plurality of individual chambers, the
supply channel penetrating through the holder and the
diaphragm, the supply channel being located in the re-
gion excluding the plurality of housing areas inside the
first j oint; and a third joint joining the diaphragm and the
holder together, the third joint being provided around the
supply channel.

[Ninth Aspect]

[0093] According to a ninth aspect, in the liquid dis-
charge head according to the eighth aspect, the third joint
is similar in cross-sectional shape to the supply channel.

[Tenth Aspect]

[0094] According to a tenth aspect, in the liquid dis-
charge head according to the eighth aspect, the third joint
includes: a path joint located on a side of location of the
holder; and a path joint pattern located on the diaphragm.

[Eleventh Aspect]

[0095] According to an eleventh aspect, the liquid dis-
charge head according to any one of the first to tenth
aspects further includes a fourth joint joining the dia-
phragm and the holder together, the fourth j oint being
provided between the first j oint and the second joint.

[Twelfth Aspect]

[0096] According to a twelfth aspect, in the liquid dis-
charge head according to the eleventh aspect, the fourth
joint includes: an island-shaped joint located on a side
of location of the holder; and an island-shaped joint pat-
tern located on the diaphragm, the island-shaped joint
pattern being joined to the island-shaped joint with ad-
hesive.

[Thirteenth Aspect]

[0097] According to a thirteenth aspect, in the liquid
discharge head according to the twelfth aspect, the is-
land-shaped joint pattern includes a plurality of recesses.

[Fourteenth Aspect]

[0098] According to a fourteenth aspect, in the liquid
discharge head according to any one of the second to
thirteenth aspects, the adhesive has a Yong’s modulus
equal to or more than 2 GPa.
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[Fifteenth Aspect]

[0099] According to afifteenth aspect, in the liquid dis-
charge head according to any one of the first to fourteenth
aspects, the holder has a thickness of 300 to 500 pum.

[Sixteenth Aspect]

[0100] According to a sixteenth aspect, a liquid dis-
charge head unit includes a plurality of liquid discharge
heads each being the liquid discharge head according
to any one of the first to fifteenth aspects.

[Seventeenth Aspect]

[0101] According to a seventeenth aspect, a liquid dis-
charge apparatus includes the liquid discharge head ac-
cording to any one of the first to fifteenth aspects or the
liquid discharge head unit according to the sixteenth as-
pect.

[Aspect 1]

[0102] Aliquiddischarge head includes: a nozzle plate
having multiple nozzles; adiaphragmfacing aninnerface
ofthe nozzle plate; multiple individual chambers between
the nozzle plate and the diaphragm, the multiple individ-
ual chambers respectively communicating with the mul-
tiple nozzles; multiple actuators on a first face of the di-
aphragm opposite to a second face of the diaphragm
facing the multiple individual chambers, the multiple ac-
tuators to deform the diaphragm to discharges a liquid in
the multiple individual chambers from the multiple noz-
zles, respectively; a holder facing the multiple actuators
and the diaphragm and joined to a peripheral portion of
the diaphragm; a first joint at a first position around a
periphery of the holder and joining the diaphragm and
the holder; multiple second joints joining the diaphragm
and the holder at multiple second positions inside the
first position, respectively; multiple housing areas each
disposed between two of the multiple second joints, the
multiple housing areas respectively housing the multiple
actuators; and a non-joint area in which the diaphragm
and the holder are not joined in a region except the first
joint, the multiple second joints, and the multiple housing
areas in the first joint.

[Aspect 2]

[0103] Intheliquid discharge head according to aspect
1, each of the multiple second joints includes: a holder-
side joint on the holder; and a diaphragm-side joint on
the diaphragm, the diaphragm-side joint joined to the
holder-side joint with adhesive.

[Aspect 3]

[0104] Intheliquid discharge head according to aspect
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2, the multiple nozzles are arrayed in a nozzle array di-
rection on the nozzle plate, and each of the multiple sec-
ond joints has a linear shape extending in a direction
intersecting the nozzle array direction.

[Aspect 4]

[0105] Inthe liquid discharge head according to aspect
3, each of the multiple second joints has a shape of two
parallel lines extending in a direction intersecting the noz-
zle array direction.

[Aspect 5]

[0106] Inthe liquid discharge head according to aspect
3, each of the multiple second joints has a linear shape
having a width of 20 to 50 pm.

[Aspect 6]

[0107] Inthe liquid discharge head according to aspect
3 or 4, the holder-side joint has a shape of one or two
lines, and the diaphragm-side joint has a shape of two
parallel lines.

[Aspect 7]

[0108] Inthe liquid discharge head according to aspect
1 or 2, the multiple second joints respectively surround
multiple housing areas.

[Aspect 8]

[0109] Inthe liquid discharge head according to aspect
1, further includes: a liquid supply channel penetrating
through the holder and the diaphragm, the liquid supply
channel disposed outside the multiple housing areas in
the first j oint; and a third joint around the liquid supply
channel and joining the diaphragm and the holder.

[Aspect 9]

[0110] Inthe liquid discharge head according to aspect
8, the third joint surrounds the liquid supply channel.

[Aspect 10]

[0111] Inthe liquid discharge head according to aspect
8, the third joint includes: a channel joint on the holder;
and a channel joint pattern on the diaphragm.

[Aspect 11]

[0112] Inthe liquid discharge head according to aspect
1, further includes: a fourth joint between the first joint
and the multiple second joints and joining the diaphragm
and the holder.
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[Aspect 12]

[0113] Intheliquid discharge head according to aspect
11, the fourth joint includes:

an island-shaped joint on the holder; and an island-
shaped joint pattern on the diaphragm and joined to the
island-shaped joint with adhesive.

[Aspect 13]

[0114] Intheliquid discharge head according to aspect
12, the island-shaped joint pattern includes multiple re-
cesses.

[Aspect 14]

[0115] Intheliquid discharge head according to aspect
2, the adhesive has a Yong’s modulus equal to or more
than 2 GPa.

[Aspect 15]

[0116] Intheliquid discharge head according to aspect
1, the holder has a thickness of 300 to 500 pm.

[Aspect 16]

[0117] Inaliquid discharge head unitincludes multiple
liquid discharge heads including the liquid discharge
head according to any one of aspects 1 to 4 and 8 to 15.

[Aspect 17]

[0118] Aliquid discharge apparatus includes the liquid
discharge head unit according to aspect 16.

Claims
1. Aliquid discharge head comprising:

anozzle plate (10) having multiple nozzles (11);
adiaphragm (30) facing an inner face of the noz-
zle plate (10);

multiple individual chambers (21) between the
nozzle plate (10) and the diaphragm (30), the
multiple individual chambers (21) respectively
communicating with the multiple nozzles (11);
multiple actuators (40) on a first face of the dia-
phragm (30) opposite to a second face of the
diaphragm facing the multiple individual cham-
bers (21), the multiple actuators (40) to deform
the diaphragm to discharges a liquid in the mul-
tiple individual chambers (21) from the multiple
nozzles, respectively;

a holder (12) facing the multiple actuators (40)
and the diaphragm (30) and joined to a periph-
eral portion of the diaphragm (30);
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a first j oint (7) at a first position around a pe-
riphery of the holder and joining the diaphragm
(30) and the holder (12);

multiple second joints (2, 2b) joining the dia-
phragm (30) and the holder (12) at multiple sec-
ond positions inside the first position, respec-
tively;

multiple housing areas (14) each disposed be-
tween two of the multiple second joints (2, 2b),
the multiple housing areas (14) respectively
housing the multiple actuators (40); and

a non-joint area (NA) in which the diaphragm
(30) and the holder (12) are notjoined in a region
except the first j oint, the multiple second joints,
and the multiple housing areas (14) in the first
joint.

The liquid discharge head according to claim 1,
wherein each of the multiple second joints (2, 2b)
includes:

a holder-side joint (2) on the holder (12); and
a diaphragm-side joint (3) on the diaphragm
(30), the diaphragm-side joint joined to the hold-
er-side joint with adhesive.

The liquid discharge head according to claim 2,

wherein the multiple nozzles are arrayed in a
nozzle array direction on the nozzle plate, and
each of the multiple second joints (2, 2b) has a
linear shape extending in adirectionintersecting
the nozzle array direction.

The liquid discharge head according to claim 2,
wherein each of the multiple second joints (2, 2b)
has a shape of two parallel lines extending in a di-
rection intersecting the nozzle array direction.

The liquid discharge head according to claim 3,
wherein each of the multiple second joints (2, 2b)
has a linear shape having a width of 20 to 50 pm.

The liquid discharge head according to claim 3 or 4,

wherein the holder-side joint has a shape of one
or two lines, and

the diaphragm-side joint has a shape of two par-
allel lines.

The liquid discharge head according to claim 1 or 2,
wherein the multiple second joints (2, 2b) surround

the corresponding housing area (14).

The liquid discharge head according to claim 1, fur-
ther comprising:

a liquid supply channel (8, 9) penetrating
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through the holder (12) and the diaphragm (30),
the liquid supply channel (8, 9) disposed outside
the multiple housing areas (14) in the first joint
(7); and

a third joint (5) around the liquid supply channel
(8, 9) and joining the diaphragm (30) and the
holder (12).

The liquid discharge head according to claim 8,
wherein the third joint (5) surrounds the liquid supply
channel (8, 9).

The liquid discharge head according to claim 8,
wherein the third joint (5) includes:

a channel joint on the holder (12); and
a channel joint pattern on the diaphragm (30).

The liquid discharge head according to claim 1, fur-
ther comprising:

a fourth joint (6) between the first joint (7) and the
multiple second joints (2, 2b) and joining the dia-
phragm (30) and the holder (12).

The liquid discharge head according to claim 11,
wherein the fourth joint (6) includes:

an island-shaped joint on the holder (12); and
an island-shaped joint pattern on the diaphragm
(30) and joined to the island-shaped joint with
adhesive.

The liquid discharge head according to claim 12,
wherein the island-shaped joint patternincludes mul-
tiple recesses.

The liquid discharge head according to claim 2,
wherein the adhesive has a Yong’s modulus equal
to or more than 2 GPa.

The liquid discharge head according to claim 1,
wherein the holder (12) has a thickness of 300 to
500 pm.

A liquid discharge head unit comprising multiple lig-
uid discharge heads including the liquid discharge
head accordingtoanyoneofclaims 1to4and8to 15.

A liquid discharge apparatus comprising the liquid
discharge head unit according to claim 16.
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